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Cross Reference to Related Applications 

5 

The present application is a continuation-in-part of U.S. Serial No. 09/546,060, 
entitled "WIRELESS COMMUNICATION METHODS AND SYSTEMS USING 
MULTIPLE SECTORED CELLS," filed April 10, 2000, and hereby incorporated herein 
by reference. The present application also claims the benefit under 35 U.S. C. §1 19(a) of 
10 PCT Application No. PCT/US01/1 1784, filed April 10, 2001, and hereby incorporated 
herein by reference. 

Field of the Invention 

The present invention relates to wireless communications, and more particularly, 
to wireless communication methods and systems using multiple sectored cells. 

15 

Description of the Related Art 

The communications industry has long sought increased capacity communication 
systems to bring robust communications to the world's population. Much of today's 
communication traffic is in the form of information carriers that are encoded with digital 

20 data representing information to be transported across a communication link. The 
information transported across the link may include, for example, voice or video 
information, as well as textual or graphical information, program code (e.g., executable 
software or a portion thereof) or raw data for a particular application. 

With the increased use of the Internet and other forms of data communication in 

25 recent years, there has been an exponential increase in worldwide data traffic. The 
increased demand for data communications has essentially outpaced the capacity of 
existing systems, creating a need for higher capacity communication systems. The 
capacity of a communication link generally refers to the amount of data that can be 
reliably transported over the link per unit time and is typically measured in terms of data 

30 bits per second (bps). 

Wireless communication systems are recognized as an effective method of 
interconnecting users. Wireless communication systems may be preferable, particularly 
in geographic locations such as congested urban areas, remote rural areas, or areas 
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having difficult terrains, where it may be challenging and/or cost-prohibitive to deploy 
wire conductors or fiber optics. Rather than transporting information on carriers over a 
physically tangible communication link such as a wire conductor or fiber optic cable, 
wireless systems radiate information carriers in open space (i.e., over the air) throughout 
5 a coverage area. The communication link in wireless systems generally may be defined 
by the spatial profile of the radiated information carriers. 

Generally, the information carriers radiated in wireless communication systems 
have particular carrier frequencies and predetermined bandwidths within a designated 
frequency spectrum for a given communication link. In particular, a given information 

10 carrier may represent a single channel over which to transport information, or may 
represent or form part of a "channel set" including several channels over which to 
transport information. For example, a frequency band (i.e., a portion of the designated 
frequency spectrum) centered around a particular carrier frequency may be divided into a 
number of smaller bandwidth frequency channels to form a channel set, wherein each 

15 channel of the set has a respective information carrier that may carry unique information. 
Such a scheme commonly is known as Frequency Division Multiple Access (FDMA). 
Alternatively, an information carrier having a particular carrier frequency may be 
divided into a number of time slots, wherein each time slot represents a channel that may 
carry unique information. Such a scheme commonly is known as Time Division 

20 Multiple Access (TDMA). Yet other examples of techniques to partition a frequency 

band into a set of channels include various coding schemes to uniquely identify channels 
within a set, such as Code Division Multiple Access (CDMA) which uses a unique 
pseudo-noise digital code (PN code) to encode and decode each channel of a channel set, 
and various Orthogonal Frequency Division Multiplexing (OFDM) techniques (including 

25 VOFDM, COFDM, SC-OFDM, etc.). For purposes of the present disclosure, the term 
"channel" refers generally to a uniquely identifiable conduit for transporting information 
on a communication link. 

Historically, wireless communication systems have found great applicability for 
communicating with mobile users. Generally, conventional mobile wireless 

30 communication systems are designed by dividing a coverage area into a number of cells 
in a honeycomb-like manner. For purposes of illustration, the cells in the coverage area 
often are represented as either essentially circular or hexagonal in shape. For purposes of 
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this disclosure, it should be appreciated that one or both of a circular or hexagonal cell 
shape may be used interchangeably in the drawings to represent a typical cell in a 
wireless communication system coverage area. 

Figs. 1 A and IB show two examples of common arrangements of cells in a 
5 conventional mobile wireless communication system. Generally, it is assumed that each 
cell in such an arrangement has essentially a same radius and covers an approximately 
circular area, as shown in Figs. 1A and IB. From Figs. 1A and IB, it should be readily 
apparent that each cell in an inner portion of the coverage area is surrounded by 6 other 
cells. 

10 For wireless communication systems in general, frequency spectrum is a valuable 

commodity. Typical goals of a wireless communication system designer include 
reaching as many users as possible via broadband high capacity communication links, 
and doing so by using as little frequency spectrum as possible. In view of the foregoing, 
a variety of frequency spectrum reuse plans and cell layouts have been developed, 

15 primarily for use in mobile wireless communication systems, to reuse portions of 

frequency spectrum in a number of cells in a coverage area while attempting to minimize 
interference amongst cells in which the same frequency spectrum is used. By dividing a 
coverage area into a number of cells, and reusing portions of frequency spectrum in some 
of the cells, the information carrying capacity of the reused portions of frequency 

20 spectrum is essentially multiplied by the number of cells in which the portions are used. 
Figs. 1 A and IB show two common frequency spectrum reuse plans for 
conventional mobile wireless communication systems. In each of the cells shown in 
Figs. 1 A and IB, radiation (i.e., representing one or more information carriers) is 
transmitted from approximately the center of the cell in an omnidirectional manner 

25 throughout the cell. The radiation transmitted in each cell is allocated a particular 
frequency band within the allotted frequency spectrum for the system. The cells are 
arranged relative to one another such that neighboring cells do not use the same 
frequency band. 

Fig. 1 A shows a coverage area that employs a frequency spectrum reuse plan 
30 using three different frequency bands, A, B, and C. The use of three different frequency 
bands in the cell arrangement of Fig. 1 A insures that no two adjacent cells use the same 
frequency band. The three different frequency bands each may be reused a number of 
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times to build up the honeycomb pattern of the coverage area shown in Fig. 1 A. It is 
noteworthy in Fig. 1 A that, starting from a center cell 20 which uses the frequency band 
A, the nearest cells 21 1 - 216 which also use the frequency band A are removed from the 
center cell 20 by one "layer" of intervening cells that surround the center cell 20. 
5 Another possible frequency spectrum reuse plan for the cells of Fig. 1 A is to 

employ different radiation polarizations amongst cells using a same frequency band. For 
example, the A cells may use a first frequency band having a first polarization, the B 
cells may re-use the first frequency band with an orthogonal polarization to the first 
polarization, and the C cells may use a second frequency band. Alternatively, cells using 

10 a same frequency band may use different time slots or channel codes, as discussed 
above, to differentiate the information channels amongst the cells. In view of the 
foregoing, the designations A, B, and C in Fig. 1 A each may refer to one of three 
different cell "configurations," wherein each cell configuration may be uniquely 
identified from another cell configuration by at least one of frequency band, polarization, 

15 time slot, or channel code, for example. Accordingly, as seen in Fig. 1 A, in a coverage 
area having a honeycomb pattern cell arrangement employing three different cell 
configurations, a "buffer layer" of one cell is insured between two cells having the same 
configuration (e.g., using the same frequency band). 

Fig. IB shows a similar honeycomb pattern arrangement of cells in a coverage 

20 area employing seven different cell configurations (e.g., seven different frequency 

bands). In particular, a center cell 22 of Fig. IB is designated as having a configuration 
F, while each of six cells surrounding the center cell 22 have a different configuration, 
namely, A, B, C, D, E, and G. By employing seven different cell configurations in the 
cell arrangement of Fig. IB, a buffer layer of two intervening cells having different 

25 configurations is insured between two cells having the same configuration, as illustrated 
by the cells 24\ - 24$ which use the same configuration F as the center cell 22. 

Other proposed solutions for increasing the capacity of wireless communication 
systems have been directed to point-to-multipoint configurations for primarily stationary 
users in a coverage area. In these configurations, often a coverage area is divided up in 

30 a pie-like fashion into a number of wedge-shaped sectors, as shown in Fig. 1C, rather 

than a honeycomb pattern of cells, as shown in Figs. 1 A and IB. Such systems typically 
employ a sectored antenna system, which permits the reuse of frequency spectrum 
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amongst multiple sectors within the coverage area. In the example of Fig. 1C, adjacent 
sectors of the coverage area use information carriers in different frequency bands (e.g., 
F1-F3 for pair A and F2- F4 for pair B), and alternate sectors use a same pair of carrier 
frequencies to provide at least one full duplex (i.e., two way) information channel in each 
5 sector of the cell. By dividing a coverage area into a number of sectors rather than a 
number of cells, and reusing one or more frequency bands in some of the sectors, the 
information carrying capacity of the reused frequency bands is essentially multiplied by 
the number of sectors in which the bands are used. 

In sum, frequency spectrum reuse may increase the information carrying capacity 

10 of a given "slice" of frequency spectrum in a wireless communication system. However, 
frequency spectrum reuse typically requires a sufficient degree of isolation amongst cells 
of a cellular coverage area (as discussed above in connection with Figs. 1A and IB), or 
sectors of a sectored coverage area (as discussed above in connection with Fig. 1C) to 
insure a level of interference that does not preclude a relatively error-free exchange of 

15 information. For sectored coverage areas in particular, increased capacity from 

frequency reuse typically is achieved at the expense of increased isolation amongst the 
sectors; namely, increased capacity and increased isolation typically are competing 
goals. 

20 Summary of the Invention 

One embodiment of the invention is directed to a wireless communication 
system, comprising at least one first sectored cell having a first plurality of sectors, 
wherein the at least one first sectored cell uses a first plurality of channels and a first 
channel sequence for successive adjacent sectors proceeding in a clockwise direction 

25 around the at least one first sectored cell. The system also comprises at least one second 
sectored cell contiguous with the at least one first sectored cell, wherein the at least one 
second sectored cell has a second plurality of sectors and uses the same first plurality of 
channels. The at least one second sectored cell uses a second channel sequence for 
successive adjacent sectors proceeding in a clockwise direction around the at least one 

30 second sectored cell, wherein the second channel sequence and the first channel 
sequence are different. 
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Another embodiment of the invention is directed to a wireless communication 
system, comprising at least seven mutually adjacent sectored cells that define at least 
three bore axes. Each bore axis of the at least three bore axes passes through a center of 
each of three cells of the at least seven sectored cells. The at least seven mutually 
5 adjacent sectored cells include at least one first sectored cell having a first plurality of 
sectors, the at least one first sectored cell using a first plurality of channels and a first 
channel sequence for successive adjacent sectors proceeding in a clockwise direction 
around the at least one first sectored cell, and at least one second sectored cell adjacent to 
the at least one first sectored cell, the at least one second sectored cell having a second 

10 plurality of sectors and using the same first plurality of channels, the at least one second 
sectored cell using a second channel sequence for successive adjacent sectors proceeding 
in a clockwise direction around the at least one second sectored cell, wherein the second 
channel sequence and the first channel sequence are different. The at least seven 
mutually adjacent sectored cells are arranged with respect to each other such that sectors 

15 of adjacent cells of the at least seven cells that are similarly oriented approximately along 
one bore axis of the plurality of bore axes and in which radiation is transmitted in 
essentially a same direction approximately along the one bore axis use different 
channels. 

Another embodiment of the invention is directed to a wireless communication 
20 system, comprising at least seven mutually adjacent sectored cells, including at least one 
first sectored cell having a first plurality of sectors, the at least one first sectored cell 
using a first plurality of channels and a first channel sequence for successive adjacent 
sectors proceeding in a clockwise direction around the at least one first sectored cell, and 
at least one second sectored cell adjacent to the at least one first sectored cell, the at least 
25 one second sectored cell having a second plurality of sectors and using the same first 
plurality of channels, the at least one second sectored cell using a second channel 
sequence for successive adjacent sectors proceeding in a clockwise direction around the 
at least one second sectored cell, wherein the second channel sequence and the first 
channel sequence are different. The at least seven sectored cells are arranged using at 
30 least seven different cell configurations, at least two different cell configurations of the at 
least seven different cell configurations being uniquely identified by at least a particular 
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channel sequence for successive adjacent sectors proceeding in a clockwise direction 
around the cell. 

Another embodiment of the invention is directed to a wireless communication 
system, comprising at least three mutually adjacent sectored cells having up to K 
5 different cell configurations, K being an integer not less than three, each cell 

configuration of the K different cell configurations including a sectored cell having S 
sectors, S being an integer, each sectored cell using a same set of C different channels to 
transport information, C being an integer not exceeding S, wherein adjacent sectors in 
each cell do not use same channels of the C different channels, at least two different cell 

10 configurations of the K different cell configurations each being uniquely identified by a 
particular channel sequence for successive adjacent sectors proceeding in a clockwise 
direction around a cell. 

Another embodiment of the invention is directed to a wireless communication 
method in a wireless communication system comprising at least one first sectored cell 

15 having a first plurality of sectors and at least one second sectored cell contiguous with 
the at least one first sectored cell, the at least one second sectored cell having a second 
plurality of sectors. The wireless communication method comprises acts of using a first 
plurality of channels and a first channel sequence for successive adjacent sectors 
proceeding in a clockwise direction around the at least one first sectored cell, and using 

20 the same first plurality of channels and a second channel sequence for successive 
adjacent sectors proceeding in a clockwise direction around the at least one second 
sectored cell, wherein the second channel sequence and the first channel sequence are 
different. 

Another embodiment of the invention is directed to a wireless communication 
25 method in a wireless communication system comprising at least seven mutually adjacent 
sectored cells that define at least three bore axes. Each bore axis of the at least three bore 
axes passes through a center of each of three cells of the at least seven sectored cells. 
The at least seven mutually adjacent sectored cells include at least one first sectored cell 
having a first plurality of sectors and at least one second sectored cell adjacent to the at 
30 least one first sectored cell, the at least one second sectored cell having a second plurality 
of sectors. The wireless communication method comprises acts of using a first plurality 
of channels and a first channel sequence for successive adjacent sectors proceeding in a 
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clockwise direction around the at least one first sectored cell, using the same first 
plurality of channels and a second channel sequence for successive adjacent sectors 
proceeding in a clockwise direction around the at least one second sectored cell, wherein 
the second channel sequence and the first channel sequence are different, and arranging 
5 the at least seven mutually adjacent sectored cells with respect to each other such that 
sectors of adjacent cells of the at least seven cells that are similarly oriented 
approximately along one bore axis of the plurality of bore axes and in which radiation is 
transmitted in essentially a same direction approximately along the one bore axis use 
different channels. 

10 Another embodiment of the invention is directed to a wireless communication 

method in a wireless communication system comprising at least seven mutually adjacent 
sectored cells including at least one first sectored cell having a first plurality of sectors 
and at least one second sectored cell adjacent to the at least one first sectored cell, the at 
least one second sectored cell having a second plurality of sectors. The wireless 

15 communication method comprises acts of using a first plurality of channels and a first 
channel sequence for successive adjacent sectors proceeding in a clockwise direction 
around the at least one first sectored cell, using the same first plurality of channels and a 
second channel sequence for successive adjacent sectors proceeding in a clockwise 
direction around the at least one second sectored cell, wherein the second channel 

20 sequence and the first channel sequence are different, and arranging the at least seven 
sectored cells using at least seven different cell configurations, at least two different cell 
configurations of the at least seven different cell configurations being uniquely identified 
by at least a particular channel sequence for successive adjacent sectors proceeding in a 
clockwise direction around the cell. 

25 Another embodiment of the invention is directed to a wireless communication 

system, comprising at least seven sectored cells. Each sectored cell of the at least seven 
sectored cells is divided into a plurality of sectors and is assigned a plurality of different 
channels such that adjacent sectors in each sectored cell use different channels. Each 
sectored cell of the at least seven sectored cells has one of at least seven different cell 

30 configurations, each different cell configuration of the at least seven different cell 
configurations being uniquely identified by at least one of a particular azimuth 
orientation of a cell about a center of the cell, a particular channel sequence for 
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successive adjacent sectors proceeding in a clockwise direction around the cell, and 
particular channel types of the plurality of different channels used in the cell. 

Another embodiment of the invention is directed to a wireless communication 
method in a wireless communication system comprising at least seven sectored cells. 
5 Each sectored cell of the at least seven sectored cells is divided into a plurality of sectors 
and is assigned a plurality of different channels such that adjacent sectors in each 
sectored cell use different channels. The wireless communication method comprises an 
act of using a different cell configuration for each sectored cell of the at least seven 
sectored cells, each different cell configuration of the at least seven different cell 
10 configurations being uniquely identified by at least one of a particular azimuth 
orientation of a cell about a center of the cell, a particular channel sequence for 
successive adjacent sectors proceeding in a clockwise direction around the cell, and 
particular channel types of the plurality of different channels used in the cell. 

15 Brief Description of the Drawings 

The accompanying drawings are not intended to be drawn to scale. In the 
drawings, each identical or nearly identical component that is illustrated in various 
figures is represented by a like numeral. For purposes of clarity, not every component 
may be labeled in every drawing. 
20 Figs. 1 A and IB are diagrams showing two examples of frequency spectrum 

reuse in a cellular coverage area of a wireless communication system; 

Fig. 1C is a diagram showing an example of frequency spectrum reuse in a 
sectored coverage area of a wireless communication system; 

Fig. 2 is a diagram highlighting particular geometric characteristics of the cell 
25 arrangements illustrated in Figs. 1 A and IB; 

Fig. 3 is a diagram showing a more detailed view of a group of cells shown in 
Fig. 2, illustrating the concept of cell bore axes and orientation of sectors in a cell with 
respect to the bore axes, according to one embodiment of the invention; 

Fig. 4 is a diagram showing a more detailed view of two cells shown in Fig. 3; 
30 Fig. 5 is a diagram showing a wireless communication system according to one 

embodiment of the invention, based on the two cells shown in Fig. 4; 
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Fig. 5 A is a diagram showing a more detailed example of one base station of the 
wireless communication system of Fig. 5, according to one embodiment of the invention; 

Fig. 5B is a diagram showing another example of a lens-based sectored antenna 
system of the wireless communication system of Fig. 5, according to one embodiment of 
5 the invention; 

Fig. 6 is a diagram showing a cell arrangement for a coverage area of a wireless 
communication system based on three cells, according to one embodiment of the 
invention; 

Fig. 7 is a diagram showing a cell arrangement for a coverage area of a wireless 
10 communication system based on seven cells and three different cell configurations, 
according to one embodiment of the invention; 

Fig. 8 is a diagram showing a cell arrangement for a coverage area of a wireless 
communication system based on three different cell configurations each using six sectors 
per cell, according to one embodiment of the invention; 
15 Fig. 9 is a diagram showing seven different cell configurations for use in various 

cell arrangements in a coverage area of a wireless communication system, according to 
one embodiment of the invention; 

Fig. 10 is a diagram showing an example of one arrangement of cells using the 
seven different cell configurations of Fig. 9, according to one embodiment of the 
20 invention; 

Fig. 1 1 is a diagram showing an example of one arrangement of cells for a 
wireless communication system that includes the arrangement of Fig. 10, according to 
one embodiment of the invention; 

Fig. 12 is a diagram showing an example of a core group of cells of the 
25 arrangement of Fig. 11, according to one embodiment of the invention; 

Fig. 13 is a diagram showing an arrangement of cells for a wireless 
communication system using a number of the core groups shown in Fig. 12, according to 
one embodiment of the invention; 

Fig. 14 is a diagram showing results of an interference simulation for a wireless 
30 communication system using the cell arrangement of Fig. 11, utilizing terrain, foliage, 
and groundcover data indicative of an urban/suburban environment; 
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Fig. 15 is a diagram similar to Fig. 12, showing another example of a core group 
of cells wherein some of the cells use different channel sequences, according to another 
embodiment of the invention; 

Fig. 16 is a diagram similar to Fig. 9, showing the seven different cell 
5 configurations used in the core group of Fig. 15; and 

Fig. 17 is a diagram showing an arrangement of seven cells using three different 
cell configurations based on different channel sequences, according to another 
embodiment of the invention. 

10 Detailed Description of the Invention 

The present invention is directed to wireless communication methods and 
systems using multiple sectored cells. One aspect of the invention combines 
characteristics of sectored coverage areas, such as the potential for significantly 
increased capacity from frequency spectrum reuse, with characteristics of particular cell 

15 arrangements in cellular coverage areas that reduce interference between cells. In this 
manner, the invention provides a high capacity sectored multi-cell wireless 
communication system that may be deployed over an expansive coverage area without 
significant interference amongst neighboring cells. 

In one embodiment of the invention, each cell of a cellular coverage area, similar 

20 to those shown in Figs. 1 A and IB, is divided into a number of sectors. A number of 
different channels are used in each cell to communicate between a base station and a 
number of subscriber stations located in the cell. The different channels in each cell may 
be half duplex channels (e.g., transmission of information from the base station to one or 
more subscriber stations in the cell) or full duplex channels (e.g., two way information 

25 exchange between the base station and one or more subscriber stations in the cell). In 
one aspect of this embodiment, at least some of the channels are reused in other cells of 
the coverage area. In yet another aspect, some channels may be reused both amongst 
sectors of a given cell and in other cells of the coverage area. 

In embodiments of the invention involving channel reuse in different cells, 

30 wireless communication methods and systems of the invention generally are directed to 
implementing particular arrangements of the sectored cells of the coverage area with 
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respect to one another such that interference amongst similarly oriented sectors of 
different cells is reduced. 

For example, in one embodiment of the invention, each cell of a cellular coverage 
area is divided into 24 sectors. In each cell, eight different full duplex channels are each 
5 used three times, and the channels are assigned to the sectors such that no two adjacent 
sectors use the same full duplex channel. Additionally, each cell of the coverage area 
uses the same eight different full duplex channels. At least seven different cell 
configurations are realized by rotating seven such cells by consecutive 15 degree 
increments about their centers. Each of the seven cell rotations results in a unique cell 

10 configuration, A-G. A number of such 24 sectored cells is arranged in a manner similar 
to that shown in Fig. IB, with the designations A-G corresponding to a particular cell 
configuration (i.e., rotation). The cells may be deployed in extended formations, and can 
be extended as far as desired. 

In yet another exemplary embodiment of the invention, each cell of a cellular 

15 coverage area is divided into 24 sectors. In each cell, eight different full duplex channels 
are each used three times, and the channels are assigned to the sectors such that no two 
adjacent sectors use the same full duplex channel. Additionally, each cell of the 
coverage area uses the same eight different full duplex channels. At least seven different 
cell configurations A-G are realized by various rotations of cells about their centers, 

20 and/or by employing different sequential orders of the eight different channels (e.g., 

proceeding in a clockwise direction around each cell) in at least two cells. A number of 
such 24 sectored cells is arranged in a manner similar to that shown in Fig. IB, with the 
designations A-G corresponding to a particular cell configuration (i.e., rotation and/or 
particular sequence of channels for successive adjacent sectors in a cell). The cells may 

25 be deployed in extended formations, and can be extended as far as desired. 

Following below are more detailed descriptions of various concepts related to, 
and embodiments of, wireless communication methods and systems according to the 
present invention using multiple sectored cells. It should be appreciated that various 
aspects of the invention as discussed above and outlined further below may be 

30 implemented in any of numerous ways, as the invention is not limited to any particular 
manner of implementation. Examples of specific implementations are provided for 
illustrative purposes only. 
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Fig. 2 shows an arrangement of cells in a honeycomb pattern similar to the 
arrangement shown in Figs. 1 A and IB. Using the center cell 20 as a reference cell, 
Applicants have appreciated that for such arrangements of cells in which each cell has 
approximately a same radius, certain axes of symmetry result in the coverage area. In 
5 particular, by connecting a center point of the center cell 20 with respective center points 
of each cell adjacent to the center cell 20, three "bore" axes 26 1, 262, and 263 are 
identified. If the center cell 20 is actually contiguous with each adjacent cell, as shown 
in Fig. 2, each bore axis also passes through respective tangent points between the center 
cell 20 and each adjacent cell. It should be appreciated, however, that the representation 
10 of cells in Fig. 2 is for purposes of illustration only, and that adjacent cells need not be 
physically contiguous with each other for purposes of the present invention; namely, 
adjacent cells merely may be proximate to each other without intervening cells. 
Additionally, it should be readily appreciated from Fig. 2 that a set of three bore axes 
similar to the bore axes 26 1, 262, and 263 may be identified for each cell in the coverage 



Applicants have recognized that the concept of bore axes in a honeycomb pattern 
cell arrangement such as shown in Fig. 2 is particularly relevant with respect to 
analyzing potential interference problems amongst cells in an arrangement of multiple 
sectored cells. In particular, it is noteworthy that, as a result of the honeycomb pattern of 

20 the cell arrangement, each bore axis of a given cell is oriented 60 degrees with respect to 
other bore axes of the cell. 

Fig. 3 is a diagram similar to Fig. 2 showing only the seven most central cells 
illustrated in Fig. 2, including the center cell 20. In Fig. 3, two different sectors 28 and 
32 are identified in the center cell 20, and a third sector 30 is identified in a cell 40 

25 adjacent to the center cell 20. In Fig. 3, the sectors 28 and 30 are similarly oriented 

approximately along the bore axis 263, while the sector 32 in the cell 20 is not oriented 
along any particular bore axis 26i, 262, or 263. For purposes of illustration in Fig. 3, each 
cell is circumscribed by a hexagon to emphasize the honeycomb pattern of the cell 
arrangement and the 60 degree relationships between the bore axes 26 1, 262, and 263. 

30 As discussed above in connection with Figs. 1A and IB, in each cell of Fig. 3 

radiation generally is transmitted by a base station, located approximately at a center of 
the cell, outward to one or more users located in the cell. For example, radiation 



15 



area. 
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transmitted from approximately the center of the cell 20 outward in the sector 28 travels 
in a direction approximately along the bore axis 263 to users located in the sector 28. As 
the radiation from the center cell 20 continues to travel outward from the cell, the 
radiation transmitted in the sector 28 ultimately may reach users located in the sector 30 
5 of the adjacent cell 40. 

In particular, sectors of any two adjacent cells in Fig. 3 that are similarly oriented 
approximately along a same bore axis, and in which radiation is transmitted in essentially 
a same direction approximately along the same bore axis, may be particularly susceptible 
to interference problems. In contrast, radiation that is transmitted in a sector that is not 

10 oriented approximately along a bore axis, as shown, for example, by the sector 32 in the 
center cell 20, may be less likely to interfere with radiation transmitted in an adjacent 
cell. Accordingly, Applicants have recognized that in arrangements of multiple adjacent 
sectored cells, those sectors that are similarly oriented approximately along the bore axes 
of each cell have particular significance in assessing potential interference problems 

1 5 amongst cells in a coverage area. 

Fig. 4 is a more detailed diagram of a portion of Fig. 3, showing the center cell 20 
and the adjacent cell 40. In Fig. 4, as in Fig. 3, the bore axis 263 passes through 
approximately the center of each cell 20 and 40, and the sector 28 of cell 20 as well as 
the sector 30 of cell 40 are oriented approximately along the bore axis 263. 

20 In Fig. 4, a first base station 20A, located approximately at the center of the cell 

20, transmits radiation 28A to a plurality of subscriber stations, shown for example as 
buildings 28Bi and 28B 2 located in the sector 28. Similarly, a second base station 40A, 
located approximately at the center of the cell 40, transmits radiation 3 OA to a different 
plurality of subscriber stations, shown for example as buildings 30Bi and 30B 2 located in 

25 the sector 30. Fig. 4 also shows two other subscriber stations 34Bi and 34B 2 in the cell 
40 which are not located in the sector 30. 

Each of the subscriber stations 28Bj, 28B 2 , 30Bi, 30B 2 , 34Bj, and 34B 2 shown in 
Fig. 4 typically includes a directional antenna that is oriented essentially in a direction 
toward the base station at the center of the cell. Typically, the directional antenna of the 

30 subscriber stations transmits and receives radiation within a relatively narrow azimuth 
angular range (e.g., approximately 10-15 degrees). Accordingly, it should be readily 
appreciated from Fig. 4 that the radiation 28A transmitted by the base station 20A in the 
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cell 20 is not likely to pose potential interference problems for subscriber stations 34Bi 
and 34E$2 in the cell 40, because the directional antennas of these subscriber stations are 
not oriented to receive radiation traveling in the direction of the radiation 28A (i.e., 
approximately along the bore axis 263). 
5 However, it should also be appreciated from Fig. 4 that depending on, for 

example, the strength of the radiation 28A, this radiation possibly may be received by the 
subscriber stations 30Bi and 3OB2 located in the sector 30 of the cell 40. If the radiation 
28 A is in a frequency band similar to that used for the radiation 3 OA transmitted in the 
sector 30 by the base station 40 A, the radiation 28 A may serve as a source of 

10 interference in the sector 30. Accordingly, as discussed above in connection with Fig. 3, 
Fig. 4 more clearly demonstrates that in implementing a particular arrangement of 
sectored cells in a wireless communication system using multiple sectored cells, 
potential interference between sectors of adjacent cells which are oriented approximately 
along a same bore axis poses a significant system design consideration. 

15 In both Figs. 3 and 4, the sectors 28 and 30 are oriented such that the bore axis 

263 passes through each of the sectors 28 and 30. However, it should be appreciated that 
one or more sectored cells of a cell arrangement may be divided and oriented such that 
sector boundaries in a given cell may or may not coincide with a bore axis of the cell. 
For example, cells similar to the cells 20 and 40 of Figs. 3 and 4 alternatively may be 

20 divided and oriented such that one of the boundaries of one or both of the sectors 28 and 
30 coincides with the bore axis 263. In this case, any sectors having a "bore axis 
boundary" nonetheless may be considered to be oriented approximately along the bore 
axis serving as the boundary, as it is possible that some radiation that is transmitted in the 
sector close to the bore axis boundary may constitute a source of interference for a 

25 similarly oriented sector in an adjacent cell. Accordingly, for purposes of the present 
disclosure, the phrase "oriented approximately along a bore axis" is used to describe 
sectors that either have one or more bore axes boundaries, or sectors through which one 
or more bore axes pass. 

Fig. 5 is a diagram showing a wireless communication system using adjacent 

30 sectored cells according to one embodiment of the invention. Although Fig. 5 shows two 
cells 20 and 40 having an essentially circular shape and being contiguous with one 
another (i.e., sharing a point of tangency), it should be appreciated that such a depiction 
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of cells in Fig. 5 is for purposes of illustration only. In particular, as discussed above in 
connection with Fig. 2, the cells 20 and 40 need not have an exactly circular shape and 
need not be tangential. Rather, it is to be understood that the cells 20 and 40 are adjacent 
and sufficiently near each other so as to be immediate neighbors in an arrangement of a 
5 plurality of such cells, as shown for example in Fig. 3. Additionally, for purposes of the 
present discussion, each cell in Fig. 5 is assumed to have approximately the same radius 
and to span a 360 degree azimuth angle around the center of the cell. As discussed 
above in connection with Fig. 4, the two adjacent cells 20 and 40 in Fig. 5 define a bore 
axis 263 that passes through the center of each cell. 

10 According to one embodiment of the invention, each of the sectored cells 20 and 

40 shown in Fig. 5 may comprise a wireless communication "subsystem" that can serve 
as a stand-alone wireless communication system, as described for example in U.S. 
Application Serial No. 09/287,144, entitled "POINT-TO-MULTIPOINT TWO-WAY 
BROADBAND WIRELESS COMMUNICATION SYSTEM," hereby incorporated 

1 5 herein by reference. In particular, each of the cells shown in Fig. 5 may include a 
respective plurality of subscriber stations and at least one base station disposed 
approximately at a center of the cell to exchange information over air with the subscriber 
stations of the cell. For example, as shown in Fig. 5, the cell 20 includes a base station 
20 A and a plurality of subscriber stations 50, while the cell 40 includes a base station 

20 40 A and a plurality of subscriber stations 52. 

Although two subscriber stations are shown in each cell of Fig. 5, it should be 
appreciated that any number of subscriber stations may be dispersed in a variety of 
manners throughout each of the cells 20 and 40. Additionally, it should also be 
appreciated that while Fig. 5 shows subscriber stations 50 and 52 as buildings having 

25 fixed locations, the invention is not necessarily limited in this respect; namely, wireless 
communication systems according to various embodiments of the invention may be 
suitable for both mobile and/or fixed subscriber stations dispersed amongst the cells of 
the coverage area. 

In the wireless communication system shown in Fig. 5, each cell is divided into at 
30 least three sectors. In particular, the cell 20 is divided into a first sector 20 1, a second 

sector 202, and a third sector 20 3 . Similarly, the cell 40 is divided into a first sector 40 1, a 
second sector 4O2, and a third sector 4O3. The base stations 20 A and 40 A in each cell 
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exchange information with the respective plurality of subscriber stations 50 and 52 using 
at least three different channels, shown as 42j, 422, and 423 in cell 20 and 424, 42s, and 
42 6 in cell 40. The channels are assigned amongst the sectors of each cell such that the 
base stations use different channels in adjacent sectors in each cell. 
5 While Fig. 5 shows the different channels 42 1, 42 2 , and 42 3 as full duplex 

channels to accommodate two-way information exchange between the base station and 
one or more subscriber stations in the cell, alternatively the different channels in each 
cell may be half duplex channels (e.g., transmission of information from the base station 
to one or more subscriber stations in the cell). For purposes of consistency in some of 

10 the subsequent drawings, the different channels in each cell are shown as full duplex 
channels. However, it should be appreciated in each of the illustrated embodiments 
discussed below that the different channels may include half duplex channels according 
to other embodiments of the invention. 

Fig. 5 A is a more detailed diagram showing one example of the base station 20A 

15 suitable for purposes of the present invention. The base station 20 A illustrated in Fig. 
5 A similarly may be employed as the base station 40 A of Fig. 5. According to one 
embodiment of the invention, to exchange unique information in each sector of a cell in 
the system of Fig. 5, the base stations 20A and 40A each may include a lens-based 
sectored antenna system. In particular, Fig. 5A shows that the base station 20A may 

20 include the lens-based sectored antenna system 25 to transmit and receive the full duplex 
channels 42 1, 422, and 42 3 (shown symbolically as dashed lines) for exchanging 
information in the sectors 20i, 202, and 20 3 , respectively. For ease of illustration, the 
sectors 20i, 2O2, and 20 3 are shown in Fig. 5A as covering less than a full 360 degree 
azimuth angle around the base station 20A. However, it should be appreciated that, as 

25 shown in Fig. 5, the sectors 20 1, 20 2 , and 20 3 may cover up to a full 360 degree azimuth 
angle around the base station. 

In embodiments of the present invention that include a lens-based sectored 
antenna system, such a lens-based sectored antenna system may be implemented in a 
manner similar to those described, for example, in: U.S. Patent No. 6,169,910, entitled 

30 "Focussed Narrow Beam Communication System," issued 1/02/01 ; U.S. Patent No. 

6,046,701, entitled "Apparatus for High- Performance Sectored Antenna System," issued 
4/04/00; and U.S. Patent No. 6,169,525, entitled "High-Performance Sectored Antenna 
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System Using Low Profile Broadband Feed Devices/ 5 issued 1/02/01, each of which 
patents are hereby incorporated herein by reference. It should be appreciated, however, 
that the invention is not limited in this respect, as other types of sectored antenna 
systems, including lens-based sectored antenna systems other than those disclosed in the 
5 aforementioned references, may be employed in various embodiments of the invention, 
as discussed further below in connection with Fig. 5B, for example. 

According to one embodiment, as shown in Fig. 5A, the sectored antenna system 
25 includes a lens 124 having one or more focal points, wherein each focal point 
corresponds to one sector. In Fig. 5 A, three focal points 182, 282, and 382 are shown for 

10 the lens 124, corresponding to sectors 423, 42 2? and 42 1, respectively. One example of 
the lens 124 suitable for purposes of the invention includes, but is not limited to, a 
Luneberg-type lens, which may be formed by multiple layers of dielectric materials 
having different dielectric constants. Luneberg-type lenses were first proposed in the 
1940's and are discussed, for example, in the textbook "Mathematical Theory of Optics," 

15 R.K. Luneberg, University of California Press, Berkeley and Los Angeles, 1964, Library 
of Congress Catalog No. 64-19010, pages 187-188, hereby incorporated herein by 
reference. 

A Luneberg lens generally is in the form of a sphere of material having an index 
of refraction (or dielectric constant) that varies as a function of radius from a center of 

20 the sphere to an outer surface of the sphere, according to a particular mathematical 

relationship. Luneberg lenses possess a unique focusing property; namely, plane waves 
of radiation incident upon the lens from a distant radiation source are imaged, or focused, 
at a particular focal point on the outer surface of the lens. The focal point to which the 
incident radiation is focused is at an end of a diameter of the lens which is parallel to the 

25 propagation direction of the incoming wave. Conversely, a radiation source located at a 
focal point on the outer surface of the lens and emitting radiation through the lens 
ultimately produces a plane wave of radiation propagating in the direction parallel to a 
diameter of the lens that includes the focal point. Accordingly, as shown in Fig. 5 A, the 
radiated information carriers for the full duplex channels 42 1, 422, and 423, respectively 

30 would be focussed to the focal points 382, 282, and 182 by a Luneberg-type lens serving 
as the lens 124. 
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The sectored antenna system 25 of Fig. 5 A additionally includes one or more 
feed devices, located proximate to each focal point of the lens 124, to transmit and/or 
receive the information carriers for the full duplex channel (or channels) in each sector. 
For example, in Fig. 5 A, feed device 180 located at focal point 182 transmits and 
5 receives the information carriers for the full duplex channel 423 in sector 20 3 . Similarly, 
feed device 280 located at focal point 282 transmits and receives the information carriers 
for the full duplex channel 42 2 in sector 2O2, and feed device 380 located at focal point 
382 transmits and receives the information carriers for the full duplex channel 42 1 
in sector 20i. While Fig. 5 A shows only one feed device to both transmit and receive 

10 information carriers in each sector, one or more feed devices may be dedicated to 

transmitting information carriers in each sector, while one or more other feed devices 
may be dedicated to receiving information carriers in each sector. 

Fig. 5A also illustrates that the base station 20A may include one or more tunable 
transceivers 132 coupled between the feed devices of the antenna system 25 and a 

15 communication link 134. Each transceiver 132 converts information carriers received by 
the antenna system 25, in one of the sectors 20 1, 2O2, and 2O3, to one or more 
corresponding information carriers 136 of the communication link 134. Similarly, each 
transceiver 132 converts one or more information carriers 138 from the communication 
link 134 to corresponding information carriers for transmission by the antenna system 25 

20 in one of the sectors 20i, 202, and 2O3. As shown in Fig. 5A, the base station 20A 

includes one transceiver 132 for each sector, although according to other embodiments 
the base station may include more than one transceiver 132 per sector. 

In Fig. 5A, the sectored antenna system 25 may be located within close proximity 
of the transceivers 132 so as to minimize any possible signal attenuation. In particular, 

25 each transceiver 132 may be coupled to one or more respective feed devices of the 

antenna system 25 using a low-loss connector. For example, in Fig. 5A the transceivers 
132 are shown connected to feed devices 180, 280, and 380 using low-loss cables 125, 
225 and 325, respectively, which may be coaxial cables having a short length. Other 
low-loss methods of connecting the transceivers 132 to the antenna system 25, such as 

30 one or more fiber optic cables, may be employed to facilitate a greater separation 
between the antenna system 25 and transceivers 132. 
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Yet another type of lens-based sectored antenna system that may be employed in 
one embodiment of the present invention is illustrated in Fig. 5B, and includes one or 
more beamformers 150 and one or more phased arrays 152 to facilitate transmission and 
reception of multiple information carriers 153 ("multibeams"). A phased array generally 
5 refers to an arrangement of antenna feed devices 1 54 in which each feed device is 

excited with a particular phase of an excitation signal. By controlling the phase of the 
excitation signal for each feed device in the array, the array can be designed to generate a 
radiation beam that is radiated at a particular azimuth angle other than zero degrees (i.e., 
off-normal to the array). In this manner, a radiation beam may be steered in a particular 

10 direction, or "scanned." 

In one aspect of the phased array 152 shown in Fig. 5B, each feed device 154 
may represent a single element or an array of elements (i.e., the phased array 152 may be 
a one-dimensional array or a two-dimensional array). The beamformer 1 50 may be used 
in combination with the phased array 1 52 to excite the various feed devices in a 

15 particular manner (e.g., using particular amplitudes and phases for each feed device) so 
as to generate a number of radiation beams 153 from the phased array 152, based on a 
number of input signals to the beamformer 150 that each represents a particular 
information carrier. The beamformer 150 may be implemented in any one of a number 
of conventional manners, including, but not limited to, a Butler matrix, a Blass matrix, or 

20 a Rotman-type lens. 

In the exemplary lens-based sectored antenna system shown in Fig. 5B, the 
beamformer 150 is particularly illustrated as a Rotman-type lens. As shown in Fig. 5B, 
the Rotman-type lens has a number of input ports 156 and output ports 158, and can 
facilitate the generation of particular amplitude and phase relationships amongst a 

25 number of feed device excitation signals 162 at the output ports 158, based on input 

signals 160 at the input ports 156, wherein each input signal represents a particular one 
of the radiation beams 153. The radiation propagation mechanism in a Rotman-type lens 
may be understood as similar to that introduced by a reflector on which radiation 
impinges. For example, the input ports 156 of the Rotman-type lens may be viewed as 

30 analogous to a number of feed devices respectively transmitting radiation that impinges 
on a reflector having a contoured reflective surface. Similarly, the contour of the output 
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ports 158 of the Rotman-type lens may be viewed as analogous to the contoured 
reflecting surface of the reflector. 

In particular, the Rotman-type lens 150 shown in Fig. 5B accepts input signals 
160 at the input ports 156 of the lens, and for each input signal provides a number of 
5 excitation signals 162 at the output ports 158. The excitation signals 162 for each input 
signal 160 are fed to the feed devices 154 of the phased array 152, and have specific 
amplitude and phase relationships so as to generate one radiation beam of the multiple 
radiation beams 153 at a particular scan angle. More specifically, upon entering the 
Rotman-type lens, each input signal travels various path lengths through the Rotman- 

10 type lens, and the output ports 158 of the lens "collect" the processed signals and provide 
them as excitation signals 162 to the feed devices 154 of the phased array 152. The 
Rotman-type lens configuration permits this process to take place simultaneously for a 
number of different input signals, thereby facilitating the simultaneous generation of a 
number of radiation beams 153 at particular respective azimuth (scan) angles from the 

15 phased array 152. 

While Fig. 5B schematically illustrates that four beams 153 are generated, it 
should be appreciated that the invention is not limited in this respect, as the lens and 
phased array may be implemented to generate any number of beams. Additionally, it 
should be appreciated that according to one aspect, a number of lenses and phased arrays 

20 may be physically arranged relative to one another to provide for a number of radiation 
beams that span up to a full 360 degree coverage area around a base station employing 
the lenses and phased arrays. 

In the lens-based antenna system shown in Fig. 5B, it should also be appreciated 
that (as discussed above in connection with Fig. 5 A) the lens-based antenna system may 

25 be associated with one or more tunable transceivers 132 coupled to the lens to provide 
the input signals 160 to the input ports 156 of the lens for transmission of multiple 
information carriers. The Rotman-type lens based antenna system, along with the 
transceivers, also may receive signals that are incident from various subscribers deployed 
in sectors of the cells. 

30 With reference again to Fig. 5, the full duplex channels 42 1 - 42 6 in the two cells 

20 and 40 may be uniquely distinguishable by virtue of different carrier frequencies of 
the information carriers for the channels and/or different polarizations of the information 
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carriers for the channels. Additionally, each full duplex channel 42 1 - 42$ may represent 
a different time slot in a series of TDMA channels, or may have a unique code amongst a 
group of coded channels (e.g., a unique PN code amongst a group of CDMA channels). 
Moreover, various combinations and permutations of the foregoing potentially 
5 distinguishing attributes of the full duplex channels are possible. Accordingly, for 
purposes of clarity in the discussions below, the different full duplex channels are 
distinguished primarily in terms of different carrier frequencies, although as pointed out 
immediately above, the different full duplex channels may be distinguished in a number 
of ways according to various embodiments of the invention. 

10 Additionally, each full duplex channel 42 1 - 42 6 shown in Fig. 5 may include a 

full duplex channel set. For example, the full duplex channel 42 1 may represent a set of 
TDMA channels (i.e., time slots) on a particular carrier frequency, or may represent a set 
of closely spaced FDMA or CDMA (i.e., frequency or coded) channels within a 
particular frequency band, as well as a set of OFDM channels using, for example, 

15 VOFDM, COFDM, or SC-OFDM coding/decoding techniques. The channel set 42 1 may 
be distinguished from the channel set 42 2 , for example, by employing different carrier 
frequencies for TDMA channel sets or different frequency bands for FDMA, CDMA, or 
OFDM channel sets. Additionally, different full duplex channels sets may be uniquely 
identified from other full duplex channel sets by different polarizations of the 

20 information carriers for the channel sets, or by combinations of different polarizations 
and different frequency bands. 

In Fig. 5 and the subsequent drawings, a simplified notation to indicate the 
"uniqueness" or type of a given channel (or a given channel set) is used; namely, a 
particular channel type (i.e., distinguished by frequency, polarization, time slot, code, 

25 etc.) is indicated with a specific number (e.g., an encircled number) in each sector of 
each cell. For example, in the cell 20 of Fig. 5, the encircled number "1" in the sector 
20 1 indicates a particular channel type for the full duplex channel 42 1. Similarly, the 
encircled number "2" in sector 20 2 indicates a different channel type for the full duplex 
channel 42 2 , and the encircled number "3" in sector 2O3 indicates yet another different 

30 channel type for the full duplex channel 423. 

In the system of Fig. 5, according to one embodiment of the invention, the same 
three different channel types 1, 2, and 3 are used in each of the cells 20 and 40 as one 
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example of a possible frequency spectrum reuse scheme according to the invention. In 
particular, the full duplex channel 42 6 in sector 40 3 of cell 40 is also indicated as type 1 , 
the full duplex channel 424 in sector 40i is also indicated as type 2, and the full duplex 
channel 42 5 in sector 402 is also indicated as type 3. While the example of Fig. 5 
5 illustrates that the same set of three different full duplex channels may be used in the 
adjacent cells 20 and 40, it should be appreciated that the invention is not limited in this 
respect. Namely, in the system of Fig. 5, a total of six different full duplex channels (i.e., 
three different full duplex channel types in each cell) may be used amongst the two cells. 
It should also be appreciated however, as discussed above, that reusing the full duplex 

10 channels amongst the different cells conserves valuable resources in the wireless 

communication system by increasing the utilization of available frequency spectrum. 

In Fig. 5, the two adjacent cells 20 and 40 are arranged with respect to each other 
such that sectors of the adjacent cells that are similarly oriented approximately along the 
bore axis 263, and in which radiation is transmitted by the base stations in essentially the 

15 same direction approximately along the bore axis 263, use different full duplex channels. 
In particular, sector 40 1 of cell 40 and sector 20 1 of cell 20, both oriented approximately 
along the bore axis 26 3 , use different full duplex channels 424 and 42 1, respectively, as 
indicated by the encircled number 2 in sector 40 1 and the encircled number 1 in 
sector 20i. Similarly, the sectors 40 3 of cell 40 and 20 3 of cell 20, also both oriented 

20 approximately along the bore axis 26 3 (but in which radiation is transmitted in a direction 
opposite to that of sectors 20 1 and 40 1) use different full duplex channels 42 6 and 42 3 , 
respectively, as indicated by the encircled number 1 in sector 4O3 and the encircled 
number 3 in sector 20 3 . 

In the wireless communication system shown in Fig. 5, it should be appreciated 

25 that the boundaries between adjacent sectors in each cell may or may not coincide with 
the bore axis 263, as discussed above in connection with Figs. 3 and 4, and that the 
particular arrangement shown in Fig. 5 is for purposes of illustration only. In general, a 
number of relative arrangements and orientations of the cells with respect to one another 
are suitable for purposes of the invention. However, as discussed further below in 

30 connection with Fig. 8, particular choices of sector boundaries with respect to bore axes 
of the cells facilitate an analysis of potential interference problems amongst the cells. 
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Fig. 6 is a diagram similar to Fig. 5 showing another embodiment of a wireless 
communication system according to the invention. In particular, Fig. 6 shows a third 
cell 60 that is mutually adjacent with the cells 20 and 40. While not explicitly shown or 
labeled in Fig. 6, the cell 60 includes at least one base station and a plurality of 
5 subscriber stations, in a manner similar to that of the cells 20 and 40 as shown in Fig. 5. 
The three cells 20, 40, and 60 of Fig. 6 define three bore axes 262, 263, and 26 4 , wherein 
each bore axis passes through the centers of two of the three cells. 

Like the system of Fig. 5, each of the cells in Fig. 6 is divided into three sectors. 
Each cell uses three different channels, as indicated by encircled numbers in each sector, 
10 to communicate with the subscriber stations in the cell. While Fig. 6 shows that the 

same three different channels are reused amongst the three cells, it should be appreciated 
that the invention is not limited in this respect, and that the three cells may utilize more 
than three different channels arranged in a variety of manners amongst the cells, as 
discussed above. 

15 In Fig. 6, the cells 20, 40, and 60 are arranged with respect to each other such that 

sectors of adjacent cells that are similarly oriented approximately along one bore axis of 
the three bore axes 26 2? 26 3 , and 264, and in which radiation is transmitted in essentially a 
same direction approximately along the one bore axis, use different channels. 
Accordingly, using the simplified notation for channel types discussed above in 

20 connection with Fig. 5, sectors 40i and 20i, in which radiation is transmitted in 

essentially a same direction approximately along the bore axis 233, use different channel 
types 2 and 1, respectively. Likewise, sector 40 2 and sector 6O2, in which radiation is 
transmitted in essentially the same direction approximately along the bore axis 264, use 
different channel types 3 and 1, respectively. Similarly, sectors 2O3 and 4O3, in which 

25 radiation is transmitted in essentially the same direction approximately along the bore 
axis 263, use different channel types 3 and 1, respectively. It should be readily 
appreciated from Fig. 6 that a similar analysis may be performed on any pair of sectors in 
which radiation is transmitted in essentially the same direction approximately along any 
of the bore axes 26 2 , 263, and 264. 

30 In the wireless communication system shown in Fig. 6, it is noteworthy that by 

using at least three different channels in each cell, the same three different channels may 
be reused in all other cells of the system by employing a pattern of three different cell 
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configurations, wherein each cell configuration is uniquely identified by a particular 
azimuth orientation of the cell about the center of the cell. In Fig. 6, the cell 20 is 
labeled as configuration A, the cell 40 is labeled as configuration B, and the cell 60 is 
labeled as configuration C. As discussed above, while each cell configuration A, B, and 
5 C uses the same set of different channels 1, 2, and 3, each of the configurations A, B, and 
C represents a different azimuth orientation of the cells with respect to each other. 

For example, in Fig. 6, the configuration B (represented by the cell 40) is 
obtained by rotating the configuration C (represented by the cell 60) by 120 degrees in a 
clockwise direction. Similarly, the configuration A (represented by the cell 20) is 

10 obtained by rotating the configuration B (represented by the cell 40) by 120 degrees in a 
clockwise direction, or by rotating the configuration C by 120 degrees in a 
counterclockwise direction. In particular, it should be appreciated that the concept 
behind this manner of uniquely configuring cells is that by employing the same N 
different full duplex channels in each cell, at least N different azimuth orientations of the 

15 cells with respect to one other are possible, so as to arrive at N possible different cell 
configurations (N being an integer). 

It should also be appreciated that while the wireless communication system 
shown in Fig. 6 illustrates different cell configurations based on reusing the same set of 
different channels in each cell and orienting the cells so as to have a particular azimuth 

20 orientation with respect to one another, different cell configurations similarly may be 
achieved by using different channel types for the channels from cell to cell. For 
example, rather than reusing channel types 1 , 2, and 3 in each of the cells 20, 40, and 60, 
alternatively channel types 1, 2, and 3 can be used in cell 20, different channel types 4, 5, 
and 6 may be used in cell 40, and yet other different channel types 7, 8, and 9 may be 

25 used in cell 60. As discussed above, each of the different channel types may represent a 
unique carrier frequency, polarization, time slot, or channel code, for example, and the 
different channel types may be arranged amongst the three cells in a variety of manners. 
Furthermore, a combination of different channel types and different relative azimuth 
orientations may be used amongst the cells 20, 40, and 60 to realize three or more 

30 different cell configurations. 

From the foregoing, it should be appreciated that a rich variety of possibilities 
according to the present invention exists for deriving three different sectored cell 
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configurations by dividing each cell into at least three sectors and by employing at least 
three different half or full duplex channels in each cell. Additionally, as discussed 
above, it should be appreciated that each channel may include a half or full duplex 
channel set that is uniquely identified, for example, by one or both of frequency band and 
5 polarization. 

Fig. 7 is a diagram similar to that of Fig. 3 showing seven cells, including the 
center cell 20 and the cells 40 and 60 of Fig. 6. Fig. 7 shows the bore axes 26i, 262, 
and 263 which each pass through the center cell 20, as well as the bore axis 264 which, as 
shown in Fig. 6, passes through the centers of the cells 40 and 60. Using the three 

10 different cell configurations A, B, and C shown in Fig. 6, the seven cells of Fig. 7 are 
arranged in a manner similar to that shown in Fig. 2; namely, the center cell 20 uses cell 
configuration A, while each of the six other cells surrounding the center cell 20 use 
configurations B and C in an alternating manner. As a result, the seven cells are 
arranged with respect to one another such that sectors of adjacent cells that are similarly 

1 5 oriented approximately along one of the bore axes in each cell, and in which radiation is 
transmitted in the sectors in essentially a same direction approximately along the one of 
the bore axes, use different channels. 

While the wireless communication system of Fig. 7 uses three different cell 
configurations A, B, and C derived from different azimuth orientations of the cells with 

20 respect to one another, it should be appreciated that the seven cells of Fig. 7 may employ 
three different cell configurations that are derived using one or both of different azimuth 
orientations of the cell and different channel types for the at least three different channels 
used in each cell, as discussed above in connection with Fig. 6. Additionally, it should 
be appreciated from Fig. 2 that the pattern of cells illustrated in Fig. 7 using three 

25 different cell configurations A, B, and C may be repeated a number of times in a 

coverage area to create an expansive honeycomb pattern cell arrangement of a number of 
sectored cells. 

At this point, it is convenient to introduce additional notation for describing a 
particular "cell layout" of a coverage area, including variables to indicate a number of 
30 different cell configurations used in the coverage area, a number of sectors used in each 
cell, and a number of different channels used in each cell. Accordingly, the notation 
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K x S x C 



is defined, where: 

^ designates the number of different cell configurations used in a coverage area; 



C designates the number of different channels used in each cell. 

Using the above notation, the wireless communication system shown in Fig. 7 may be 
described as employing a 3 x 3 x 3 cell layout. 



configurations in a wireless communication system according to one embodiment of the 
invention. Using the notation described above, the cell layout of Fig. 8isa3x6x3 cell 
layout; namely, each cell is divided into six sectors, and three different full duplex 
channels are each used twice in each cell. The layout of Fig. 8 demonstrates that, 

15 according to one embodiment of the invention, the number of sectors S into which each 
cell may be divided is equal to any multiple of three, namely 3N, where N is an integer, 
since a minimum of three different channels need to be employed in each cell to derive 
three different cell configurations based on relative azimuth orientations of the cells with 
respect to one another. 

20 Fig. 8 shows that, in general, by dividing each cell into a greater number of 

sectors S, and using the same number of different channels C in each cell, a greater 
degree of channel reuse is achieved, thereby conserving the valuable resource of 
frequency spectrum. Fig. 8 also shows that the number of sectors S used in each cell in 
turn determines a minimum cell rotation (i.e., 360/5) that is required to obtain three 

25 distinct azimuth orientations for the cells. For example, in Fig. 8, the cell configuration 
B is derived from the cell configuration A by rotating cell configuration A by 60 degrees 
clockwise (360 degrees / 6 sectors). Similarly, the cell configuration C is derived from 
the cell configuration B by rotating the cell configuration B 60 degrees clockwise. 
Alternatively, the cell configuration C may be derived from the cell configuration A by 

30 rotating the cell configuration A 60 degrees counterclockwise. 

An interesting consequence of dividing each cell into six sectors, as shown in 
Fig. 8, is that the sectors in each cell are oriented approximately along the bore axes of 



5 



S designates the number of sectors in each cell; and 



10 



Fig. 8 is a diagram showing another cell layout using three different cell 
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each cell. For example, as shown in Fig. 8, each sector of the center cell 20 is oriented 
approximately along one of the bore axes 26 i? 26 2 , and 26 3 . Such an orientation of 
sectors facilitates an analysis of potential interference in adjacent cells along each of the 
bore axes in each cell. Since the bore axes of each cell are oriented 60 degrees with 
5 respect to one another, it follows that dividing cells into multiples of six sectors allows 
arrangements of cell configurations having azimuth orientations with respect to one 
another that facilitate an analysis of potential interference with adjacent cells along each 
of the bore axes of a given cell. 

In view of the foregoing, yet another embodiment of the invention is directed to a 

10 wireless communication system having a cell layout of 3 x 6N x (at least 3), wherein N is 
an integer. Stated differently, in this embodiment, each cell may be divided into 
multiples of six sectors, three or more different channels may be used in each cell, and 
all cells may use the same three or more different channels to derive three different cell 
configurations based on different azimuth orientations of the cells with respect to each 

15 other. 

With reference again to Figs. 1A and IB, the unique geometry of honeycomb-like 
arrangements of cells in a coverage area lends itself particularly to arrangements of either 
three different cell configurations, as shown in Fig. 1 A, or seven different cell 
configurations, as shown in Fig. IB. As discussed above in connection with Fig. IB, 
20 using seven different cell configurations in the arrangement of cells provides two 

"buffer" layers of cells between cells using a same configuration (e.g., from the center 
cell 22 of Fig. IB shown using configuration F to cells 24 1 - 24$ which also use 
configuration F). 

Accordingly, while Figs. 7 and 8 illustrate examples of wireless communication 
25 systems of the present invention using three different cell configurations to reduce 
potential interference problems between adjacent cells, in a similar manner seven 
different cell configurations of sectored cells may be utilized to create an expansive 
arrangement of cells similar to that shown in Fig. IB, with even greater immunity from 
potential interference between adjacent cells. In view of the foregoing, it should be 
30 appreciated that the variable K in the cell layout notation adopted above typically has 
values of either 3 or 7. 
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In a wireless communication system using multiple sectored cells according to 
one embodiment of the invention, seven different cell configurations may be realized by 
dividing each cell into at least seven sectors, employing at least seven different channels 
in each cell, using the same set of at least seven different channels in all of the cells, and 
5 arranging the cells using seven different azimuth orientations of the cells with respect to 
one another. Using the cell layout notation adopted above, the cell layout in this 
embodiment of the invention may be described as a 7 x (at least 7) x (at least 7) cell 
layout. One issue that arises with respect to dividing cells into seven sectors (or 
multiples thereof) is that it is difficult to orient sectors approximately along the bore axes 

10 of each cell in a predictable and repeatable manner. This situation may lead to some 
difficulty in analyzing potential interference problems amongst the cells. 

In view of the foregoing, yet another embodiment of the invention is directed to a 
wireless communication system using a cell layout of 7 x 6N x (at least 7), wherein N is 
an integer greater than or equal to 2. In this manner, at least seven different cell 

15 configurations may be realized using the same set of at least seven different channels in 
each cell, and rotating the cells accordingly to derive seven different azimuth orientations 
of the cells with respect to one another. By dividing the cells into multiples of six 
sectors, the cells may be oriented in the various configurations such that some sectors in 
each cell are predictably and repeatedly oriented approximately along the bore axes of 

20 each cell, so as to facilitate an analysis of potential interference between adjacent cells. 

Using the model above, yet another embodiment of the invention is directed to a 
wireless communication system using a cell layout of 7 x 24 x 8. In this embodiment, 
eight different channels are each used three times in each cell. Since more than seven 
different channels are used in each cell, at least seven (i.e., and in fact eight) different 

25 cell configurations based on seven of eight different possible relative azimuth 
orientations of the cells with respect to one another are realized. The relative 
orientations of the cells may be arranged such that at least some sectors of each cell are 
oriented approximately along each of the bore axes in each cell so as to facilitate an 
analysis of potential interference amongst adjacent cells. 

30 Fig. 9 is a diagram showing a particular example 70 of seven different cell 

configurations based on different azimuth orientations of the cells in the embodiment 
described immediately above (i.e., a 7 x 24 x 8 cell layout). It should be appreciated that 
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this embodiment of the invention is not limited to the specific cell configurations shown 
in Fig. 9, and that other cell configurations are possible according to other embodiments. 
In Fig. 9, each of the 24 sectors of the cell labeled as configuration A is identified with a 
particular channel type from 1-8. The sequence of channel types 1-8 is repeated three 
5 times in each cell. To derive the other cell configurations B-G 5 the cell configuration A 
is rotated by 15 degrees consecutively six times. In each of the configurations B-G 
shown in Fig. 9, those sectors using the channel type 1 are identified so as to clarify the 
consecutive rotations of the cell configuration A. 

Fig. 10 is a diagram showing an arrangement of cells using the seven different 

10 cell configurations of Fig. 9 5 according to one embodiment of the invention. In the 
arrangement of Fig. 10, the first row 72 is assembled by using the first three alternate 
configurations of the seven different cell configurations 70 of Fig. 9 (i.e., A, C, E 5 and G) 
and then adding the alternate skipped letters to the end of the row (i.e., B, D, and F). The 
second row 74 of the arrangement of cells shown in Fig. 10 repeats the cell configuration 

15 order of the first row 72 (i.e., A, C, E, G, B, D, and F) and is shifted by 2 X A positions 
(i.e., cells) to the right of the first row 72. 

Fig. 1 1 is a diagram showing an arrangement of cells that includes the 
arrangement of Fig. 10, according to one embodiment of the invention. In particular, 
Fig. 1 1 shows the first row 72 of Fig. 10 embedded within three other rows 75, 76, and 

20 77 that each uses the cell configuration order A, C, E, G, B, D, and F in a "wrap around" 
type fashion, in which each of the rows 75, 76, and 77 begins on the left with a cell 
configuration different than configuration A. The cell arrangement shown in Fig. 1 1 
alternatively may be viewed as a portion of a larger cell arrangement in which the cell 
arrangement shown in Fig. 10 is repeated a number of times above and below the 

25 rows 72 and 74. For example, starting with the arrangement of cells shown in Fig. 10, 
another row may be added below the row 74 by repeating the cell configuration order A, 
C, E, G, B, D, and F and offsetting the row 2 X A positions (i.e., cells) to the right. 
Similarly, a row may be added above the row 72 in Fig. 10 by repeating the cell 
configuration order of row 72 and offsetting the added row 2 X A positions (i.e., cells) to 

30 the left. Additionally, an identical sequence of cells having the configuration order of 
the row 72 may be added to the end of the row 72 shown in Fig. 10 and to the beginning 
of the row 74 shown in Fig. 10. It should be readily appreciated from a comparison of 
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Figs. 10 and 1 1 that Fig. 1 1 represents a portion of the cell arrangement that results from 
the foregoing procedure. 

Fig. 12 is a diagram showing an example of a core group of cells of the cell 
arrangement shown in Fig. 11, according to one embodiment of the invention. In 
5 particular, the core group 80 shown in Fig. 12 is derived from the cell 78 using the 

configuration A and the six cells adjacent to the cell 78, as shown in Fig. 1 1 . The seven 
cell core group in Fig. 12 is illustrated in a manner similar to that of the group of cells 
shown in Fig. 3, in which the cell 78 of Fig. 12 is represented by the center cell 20 of 
Fig. 3. As in Fig. 3, the three bore axes 26i, 262 ? and 263 are indicated in Fig. 12, each 

10 passing through the cell 78 having the configuration A. From Fig. 12, it may be 

appreciated that the seven cells of the core group 80 are arranged with respect to each 
other such that sectors of the cells that are similarly oriented along each of the bore axes 
26i, 262, and 263, and in which radiation is transmitted in essentially a same direction 
approximately along each of the bore axes, use different channels. 

15 Fig. 13 is a diagram showing an arrangement of cells for a wireless 

communication system using a number of the core groups 80 shown in Fig. 12 to build 
up a larger arrangement of cells, according to one embodiment of the invention. The 
procedure outlined in Fig. 13 for building up an arrangement of cells using a core group 
provides an alternative view to understanding the arrangement of cells shown in Fig. 11. 

20 Essentially, by using either the "row shifting" procedure discussed above in connection 
with Figs. 10 and 1 1, or by using a number of the core groups 80 of Fig. 12 to build up a 
cell arrangement as shown in Fig. 13, similar arrangements of cells for a wireless 
communication system may be implemented. In particular, Fig. 1 3 shows three core 
groups 80i, 80 2 , and 8O3, wherein the cell 78 in core group 80i is equivalent to the cell 78 

25 indicated in Fig. 11. From the cell 78 in either of Figs. 1 1 or 13, it should be appreciated 
that the relative position of the different cell configurations with respect to the cell 78 is 
identical in both Figs. 1 1 and 13. 

Fig. 14 is a diagram of an "interference map" showing results of an interference 
simulation for a wireless communication system using the cell arrangement shown in 

30 Fig. 1 1 . The interference simulation producing the results of Fig. 14 models various 
environmental conditions that the wireless communication system of Fig. 1 1 likely 
would encounter in a typical subscriber market. For example, in the simulation, the cell 
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arrangement of Fig. 1 1 was modeled in a test area containing various terrain, foliage, and 
groundcover conditions indicative of an urban/suburban environment. The cell 
arrangement of Fig. 1 1 was modeled such that the groundcover, foliage, and terrain 
conditions in the area would impact the coverage and interference potential of the 
5 wireless communication system. 

The interference map of Fig. 14 represents an exemplary city-scape located in the 
mid- Atlantic region of the United States, with a dense urban center, a cluster of suburbs, 
and a less dense forest and plains setting on the fringes of the map. Using particular 
terrain, foliage, and groundcover data, the interference simulation adds various 

10 attenuation values to the radiation transmitted in the sectors of each cell based on the 
area of the city-scape through which the radiation travels. The interference simulation 
sets a 25 decibel (dB) information carrier-to-interference ratio (signal-to-noise) 
requirement in each sector. 

In the map of Fig. 14, the darkest pixels in the map (not including the center 

15 points of each cell) indicate those areas that do not meet the criterion of a 25 dB carrier- 
to-interference ratio as a result of the simulation with the terrain, foliage, and 
groundcover data (i.e., those areas in which interference posed a potential problem). As 
can be seen from the map of Fig. 14, less than approximately 10% of the area covered by 
the cell arrangement suffers from potential interference problems. Accordingly, the 

20 results of the interference simulation as reflected in the map of Fig. 14 demonstrate that a 
wireless communication system according to one embodiment of the present invention 
may be deployed over an expansive coverage area without significant interference 
amongst neighboring cells. 

Fig. 15 is a diagram similar to Fig. 12, showing another example of a core group 

25 of cells 94 wherein some of the cells use different channel sequences, according to 

another embodiment of the invention. In Fig. 15, two encircled groups of neighboring 
sectors in adjacent cells are indicated; namely, a first group 90 of neighboring sectors in 
the cells having the configurations A and F, and a second group 92 of neighboring 
sectors in the cells having the configurations A and D. As shown in Fig. 15, two sectors 

30 of the cell configuration A in the first group 90 have switched channel sequences; i.e., 
going clockwise around the cell having the configuration A, in the vicinity of the first 
group 90, the channel sequence is "1, 3, 2, 4" rather than "1,2, 3, 4," as in the core group 
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80 shown in Fig. 12. Likewise, in Fig. 15, two sectors of the cell configuration D in the 
second group 92 have switched channel sequences; i.e., going clockwise around the cell 
having the configuration D, in the vicinity of the second group 92, the channel sequence 
is "2, 4, 3, 5" rather than "2, 3, 4, 5," as in the core group 80 shown in Fig. 12. 
5 Fig. 1 6 is a diagram similar to Fig. 9, showing another example 96 of the seven 

different cell configurations A-G used in the core group 94 of Fig. 15, with the cell 
configurations using the switched channel sequences discussed above particularly noted. 
For example, in Fig. 16, as in Fig. 9, the cell configurations B, C, E, F, and G employ a 
channel sequence "1, 2, 3, 4, 5, 6, 7, 8" going clockwise around the cell, and repeat this 

10 sequence three times using twenty four sectors. However, as discussed above, in the cell 
configuration A shown in Fig. 16, the channel sequence has been altered (e.g., switched) 
for the two sectors indicated with the reference character 100 (i.e., two of the sectors in 
the first group 90 of Fig. 15); likewise, in the cell configuration D shown in Fig. 16, the 
channel sequence has been altered (e.g., switched) for the two sectors indicated with the 

15 reference character 98 (i.e., two of the sectors in the second group 92). 

With reference again to Fig. 15, it should be appreciated that in the first group 90 
of neighboring sectors, if the channel sequence of the cell configuration A had not been 
altered as shown, a sector of the cell configuration A using the channel type "2" and a 
sector of the cell configuration F also using the channel type "2" would have been facing 

20 each other along the bore axis 262. Similarly, in the second group 92 of neighboring 
sectors shown in Fig. 15, if the channel sequence of the cell configuration D had not 
been altered as shown, a sector of the cell configuration D using the channel type "3" and 
a sector of the cell configuration A also using the channel type "3" would have been 
facing each other along the bore axis 26 3 . This situation in fact arises amongst the cell 

25 configurations A, D, and F in the core group 80 shown in Fig. 12 (using the cell 
configurations of Fig. 9). For purposes of the present discussion, the term "facing 
sectors" is used to describe sectors of adjacent cells that are proximate to each other and 
to a shared bore axis, and in which radiation is transmitted respectively in different or 
opposite directions (e.g., as in the first group of sectors 90 and the second group of 

30 sectors 92 illustrated in Fig. 15). 

As discussed above in connection with Fig. 4, it may be recalled that subscriber 
stations deployed in various sectors of wireless communication systems according to the 
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present invention typically employ directional antennas that are oriented essentially in a 
direction toward a base station at approximately the center of each cell. Generally, the 
directionality of subscriber antennas permits transmission and reception of radiation 
primarily within a relatively narrow azimuth angular range or "beamwidth" (e.g., 
5 approximately 10-15 degrees). Accordingly, it may be appreciated that due to the 

directionality of subscriber antennas, radiation transmitted in "facing" sectors using same 
channel types generally is not likely to pose potential interference problems in the facing 
sectors. As mentioned above, this is in fact the case in the core group 80 shown in Fig. 
12; i.e., notwithstanding the existence of facing sectors using same channel types in this 

10 arrangement, the interference map of Fig. 14 (based on an arrangement of cells using the 
core group 80 of Fig. 12) illustrates that any nominal interference that may result from 
facing sectors using same channel types generally is acceptable. 

However, in some applications, it may be desirable nonetheless to reduce or 
preclude the possibility of facing sectors using same channel types in a multiple sectored 

15 cell implementation. Accordingly, the embodiment of the present invention illustrated in 
Figs. 15 and 16 provides one example of a solution for a multiple sectored cell 
implementation that avoids this situation by altering the channel sequence in at least 
some of the cell configurations, and using a combination of different channel sequences 
and different cell rotations to realize the seven different cell configurations used in the 

20 multiple cell implementation. It should be appreciated that, according to other 

embodiments, different cell configurations also may be realized using a combination of 
different channel sequences, different cell rotations, and different channel types amongst 
the cells (i.e., not all cells need use the same channel types). 

More generally, it should be appreciated that according to one embodiment of the 

25 invention, different cell configurations based primarily on different channel sequences 
may be realized to facilitate a variety of multiple sectored cell implementations. For 
example, with reference for the moment to only the cells having the configuration A and 
F in Fig. 15, a wireless communication system according to one embodiment of the 
invention comprises at least two sectored cells using same channels and having different 

30 channel sequences. 

In particular, a wireless communication system according to one embodiment of 
the invention comprises a first sectored cell having a plurality of sectors and using a 
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plurality of channels and a first channel sequence for successive adjacent sectors 
proceeding in a clockwise direction around the first cell. The system of this embodiment 
also comprises one or more second sectored cells having a plurality of sectors and using 
the same plurality of channels but a different channel sequence for successive adjacent 
5 sectors proceeding in a clockwise direction around the second cell. According to one 
aspect of this embodiment, as discussed above in connection with other embodiments, 
adjacent sectors in each cell do not use same channels. 

Fig. 17 is a diagram showing another arrangement of seven cells using three 
different cell configurations A, B, and C based on different channel sequences, according 

10 to one embodiment of the invention. In the arrangement of cells shown in Fig. 17, each 
cell is divided into six sectors and uses the same four channel types 1, 2, 3, and 4. In Fig. 
17, the center cell is indicated as having a cell configuration A, and the six cells 
surrounding the center cell alternately are indicated as having cell configurations B and 
C. Proceeding clockwise around each cell and starting with the channel "1", the cell 

15 configuration A uses the channel sequence "1, 2, 3, 4, 2, 3", the cell configuration B uses 
the channel sequence "1, 4, 2, 3, 1, 4", and the cell configuration C uses the channel 
sequence "1, 3, 4, 2, 3, 4." As can be seen from Fig. 17, by employing different cell 
configurations based on different channel sequences, the cells may be arranged with 
respect to each other such that sectors of the cells that are similarly oriented 

20 approximately along a bore axis, and in which radiation is transmitted in essentially a 
same direction approximately along the bore axis, use different channels. 

Applicants have derived a general formula that may be employed to determine 
the number of possible unique cell configurations resulting from different channel 
sequences as a function of the number of different channels available for use and the 

25 number of sectors used in each cell of a multiple sectored cell implementation. The 

formula assumes that: 1) each cell uses the same number of sectors and the same set of 
different channels; 2) each cell uses each channel of the set of channels at least once; and 
3) each cell does not use same channels in adjacent sectors within the cell. Based on the 
foregoing criteria, the number of possible different cell configurations is given by: 



K = C±{C-\) { 
C X ' 



(1) 
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where K is the number of different cell configurations based on different sequences of C 

channels in S sectors. 

The above formula in Eq. (1) may be derived as follows. Consider that in 
5 comparing different channel sequences amongst different cells, sequences should be 

compared by starting in respective sectors of the cells that use a same channel, and then 

preceding in a same direction in each cell (e.g., clockwise). Which particular channel a 

sequence begins with is of no consequence, as a unique sequence of C channels in S 

sectors can be reproduced regardless of which channel is used to start the sequence; the 
10 sequence always "wraps around" on itself. Accordingly, an analysis of the total number 

of different channel sequences from a given set of C channels in S sectors should begin 

by starting each sequence with the same channel. 

Based on the foregoing, consider the case of using three different channels 

amongst four sectors in a cell, i.e., C = 3 and S = 4. Each sector S\ - S 4 may be 
15 represented as one multiplier in a series of multipliers whose product represents the total 

number of possible different channel sequences, for example: 



X X X , 

20 (so (s 2 ) (s 3 ) (s 4 ) 

wherein each multiplier signifies the number of channel possibilities for a given sector. 
For the sector S\ 9 there is only one possibility for a channel, since for comparative 

purposes each different sequence starts with the same channel. Accordingly, the 
25 multiplier corresponding to the sector S\ is equal to "1". 

For the sector S2, the only constraint is that the channel used in the sector S2 be 

different from the channel used in the adjacent sector S\. Accordingly, since in the 

current example two of three available channels remain for possible use in the sector S2, 

the multiplier corresponding to this sector is equal to "2". 
30 Similarly, for the sector S3, the only constraint is that the channel used in the 

sector 53 be different from the channel used in the adjacent sector 1S2. Accordingly, since 
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two of the three available channels remain for possible use in the sector S3, the multiplier 
corresponding to this sector is equal to "2". 

For the sector S4 ? only one channel choice remains, as it is possible that only two 
of the three available channels have been used thus far, and it must be insured that each 
of the available three channels is used at least once in a cell. Accordingly, the multiplier 
corresponding to the sector S4 in the current example is equal to "1". 

From the foregoing, the blanks representing the multipliers in the product given 
above may be filled in as follows: 

1 X 2 X 2 X 1 , 

(so (s 2 ) (s 3 ) (s 4 ) 

yielding a total of up to four possible different sequences using 3 channels in 4 sectors. 
By substituting C = 3 and S = 4 into Eq. (1) given above, it may be verified that indeed 
K=4. 

The foregoing approach may be used to analyze the number of possible different 
sequences using greater numbers of channels amongst greater numbers of sectors so as to 
derive the generalized formula given above. It should be appreciated that using greater 
numbers of channels amongst greater numbers of sectors dramatically increases the 
number of possible different cell configurations Abased on different channel sequences. 
For example, applying the formula given above in Eq. (1) using parameters from the 
exemplary arrangement of cells shown in Fig. 17 (i.e., C = 4 and S = 6), a total of K = 54 
different cell configurations based on different channel sequences are possible. Of 
course, it should be appreciated that only three of the 54 different cell configurations 
need to be utilized to implement an arrangement of sectored cells similar to that shown in 
Fig. 17 (e.g., using the configurations A, B, and C), based on the principle of using 
repeating groups of different cell configurations in a honeycomb-like manner. 
Additionally, according to one aspect of the embodiment of Fig. 17, it should be 
appreciated that any three of the 54 different cell configurations may be chosen, and that 
this selection may be arbitrary or determined empirically based on a particular multiple 
sectored cell application. Furthermore, as discussed above, different orientations of the 
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cells having different channel sequences also may be used to reduce the potential for 
interference along one or more bore axes. 

According to other embodiments, greater numbers of different cell configurations 
based on different channel sequences may be used to implement an extended 
5 honeycomb-like formation of sectored cells. For example, as discussed above in 

connection with different cell rotations (as illustrated in Figs. 9-13), seven different cell 
configurations A-G based on different channel sequences similarly may be used to 
implement an extended honeycomb-like formation of sectored cells. More specifically, 
to obtain at least seven different cell configurations based on different channel sequences 

10 using the generalized formula given in Eq. (1) above, at least three different channels 
(i.e., C = 3) may be used in at least five sectors (i.e., S = 5) in each cell, giving a total of 
K = 8 different cell configurations. For some applications, the choice of using three 
different channels amongst five sectors of a cell may not provide the most appropriate or 
practical implementation solution; for example, as discussed above, in some applications 

15 it may be desirable to have cells divided into multiples of six (i.e., 6N) sectors to 
facilitate an interference analysis. Accordingly, it should be appreciated that the 
foregoing example merely provides an illustration of one possible design solution using a 
minimal number of channels and sectors to achieve at least seven different cell 
configurations based on different channel sequences, and that several other solutions are 

20 possible according to other embodiments of the invention. 

In sum, a number of different embodiments of wireless communication methods 
and systems using multiple sectored cells have been disclosed herein. In such methods 
and systems, a number of different cell configurations may be derived based on different 
channel sequences amongst cells using same channels, different rotations (azimuth 

25 orientations) of the cells with respect to one another, and/or different channel types used 
amongst cells. Based on the different cell configurations, a variety of core sectored cell 
groups may be formed and implemented in extended formations. 
What is claimed is: 
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